Introduction
============

Bronchial artery embolization (BAE) has been established as an effective and useful means to achieve treatment of chronic and recurrent hemoptysis, as well as immediate control of massive hemoptysis and to manage inoperable patients who had poor pulmonary function or chronic pulmonary diseases[@B1]-[@B3]. Although there are several causes of massive hemoptysis as known in other reports, tuberculosis (TB) is common cause especially in Korea[@B4], where the prevalence of TB is intermediate, 149 rate per 100,000 population/yr compared with 15 rate per 100,000 population/yr in US in 2011[@B5].

Though BAE in TB patients has been studied previously[@B6]-[@B9], the result of risk factors associated with TB activity were not consistent. So, we evaluated the characteristics of hemoptysis and tried to find the risk factors for rebleeding in patients who underwent BAE to control hemoptysis associated with active TB or post-TB sequelae.

Materials and Methods
=====================

1. Patient selection
--------------------

We retrospectively reviewed consecutive 92 patients who underwent BAE due to hemoptysis in Respiratory Division, Department of Internal Medicine, Soonchunhyang University, Cheonan Hospital, from 1999 to 2008. This study was conducted in accordance with requirement of an Institutional Review Board for such retrospective analysis of medical records.

2. Data collection
------------------

The clinical records of all patients were assessed retrospectively, and the following data and images were collected to analyze the activity of TB, recurrence rate, and risk factor for rebleeding: age, sex, clinical features, past history, laboratory findings, sputum study, embolization material, angiographic images, chest roentgenography, chest CT scan, and bronchoscopy.

3. Classification of patients and definition
--------------------------------------------

All patients were categorized as active TB or post-TB. Acitve TB was defined on the basis of acid-fast bacilli (AFB) positive, clinical suspicion or imaging including consolidation, endobronchial spread pattern, or tree-in-bud opacities. TB sequelae was defined on the basis of previous history of TB and AFB-negative with imaging including bronchiectasis, calcified nodules or fibrosis[@B10]. TB destroyed lung was defined as parenchymal damage to more than one lung lobe due to previous pulmonary TB, but no recent evidence of active TB[@B11]. Multi-drug resistant TB (MDR TB) was defined as resistance to both isoniazid and rifampicin, with or without resistance to any other antituberculous drugs. Immediate control of bleeding was defined as a cessation of bleeding obtained without recurrence within 24 hours of successful BAE[@B12]. Rebleedings, which was defined as recurrence and/or persistence of bleeding after immediate control, are categorized into two groups according to the time: early-onset, within 1 month; and late-onset, beyond 1 month. Patients were classified according to the amount of greater than 200 mL on admission[@B13]. Shunt means pulmonary-bronchial artery shunt in angiographic findings.

4. Management
-------------

Our conservative medical measures included strict bed rest, nothing by mouth, hemostatics, monitoring of oxygen saturation, respiratory rate, heart rate and blood pressure, the supply of oxygen if needed. Anti-tuberculous medication included isoniazid, rifampin, ethambutol, and pyrazinamide.

A standardized BAE procedure was used as follows: a catheter was introduced into the right femoral artery through an introducer sheath using the Seldinger technique[@B3]. Selective bronchial artery angiography was then performed. Embolization was performed when the bronchial arteries appeared to be the source of hemoptysis (tortuous hypertrophy, systemic-to-pulmonary shunt, extravasation of contrast material, or peribronchial hypervascularisation)[@B14]. Agents used for embolization included coils, gelform, polyvinyl alcohol or combination during study period.

5. Data analysis
----------------

Data were analysed using the Statistical Package for the Social Sciences version 14.0 (SPSS Inc., Chicago, IL, USA). The groups were compared using Student\'s t-test or the Mann-Whitney U test for continuous variables and χ^2^ test or Fisher\'s exact test for categorical variables to find the risk factor for recurrence after BAE. Multivariate analysis was obtained using logistic regression. The Kaplan-Meier survival method was used to estimate their recurrence-free probability of the patients after BAE. Cox\'s regressional hazards model was used to find the independent factors of recurrence-free time. A p\<0.05 was considered statistically significant.

Results
=======

1. Study population
-------------------

We retrospectively reviewed consecutive 92 patients who underwent BAE due to hemoptysis. Twenty cases were excluded in which hemoptysis was not associated with activity or sequelae of TB: metastatic tumor lesion (n=1), emphysema (n=1), leukemia (n=1), lung mass (n=4), pneumonia (n=1), and equivocal cases (n=12). The patients consisted of 72 (49 men, 68.1%; median age, 60 years; range, 26 to 78 years) ([Table 1](#T1){ref-type="table"}).

2. Characteristics of rebleeding
--------------------------------

The mean amount of bleeding at initial presentation was 210 mL (range, 20 to 2,000 mL). Overall immediate success rate of BAE was 93.1% (67 of 72). The rebleeding group consisted of 29 (40.3%) and the non-rebleeding group 43 patients (59.7%). The patients with successful BAE have undergone follow-up for median 13 months (range, 1 to 63 months). Among 29 patients of the rebleeding group, 13 patients experienced recurrence within 1 month, and 14 patients between 1 month to 1 year. Only two cases showed rebleeding beyond 1 year after initial hemostasis by BAE: bronchiectasis (n=1) and TB destroyed lung (n=1) managed by conservative medication and BAE, respectively. So, rebleeding after BAE was shown in 27 of 72 cases within 1 year ([Table 2](#T2){ref-type="table"}).

3. Rebleeding risk factors
--------------------------

Active TB patients were 38.9% (n=28) including MDR TB (n=10). Post-TB sequelae included bronchiectasis, TB destroyed lung, aspergilloma, or fibrotic scar change ([Table 3](#T3){ref-type="table"}). Among five patients who failed to stop bleeding by BAE immediately, two patients died: one patient with active MDR TB showed massive rebleeding died despite second BAE within 30 days after first BAE; another patient with active non-MDR TB had massive rebleeding and expired despite second BAE within 60 days after BAE. In subgroup of 28 patients with active TB, MDR TB showed significantly higher rebleeding than non MDR TB (odds ratio \[OR\], 7.5; 95% confidence interval \[CI\], 1.276 to 44.085; p\<0.035). Active TB group excluding MDR TB was significantly associated with non-rebleeding (OR, 0.240; 95% CI, 0.061 to 0.949; p=0.044).

The rate of recurrence based on the underlying pulmonary disease was 40% (10 of 25) for bronchiectasis, 51.6% (16 of 31) for destroyed lung, 100% (6 of 6) for aspergilloma, 36.7% (11 of 30) for fibrotic scar change, and 32.1% (9 of 28) for active TB. Active TB was not associated with risk of rebleeding (OR, 0.57; 95% CI, 0.21 to 1.53; p\>0.05). Bronchiectasis, TB destroyed lung, fibrotic change, cavity, age, sex, or amount of hemoptysis were not associated with the risk of recurrence of bleeding ([Table 3](#T3){ref-type="table"}).

Recurrence rates in the suspected bleeding site based on direct and/or indirect sign in angiographic finding were 50% (15 of 30) for right lung, 21% (4 of 19) for left lung, and 39% (7 of 18) for both lung (p=0.315). Shunt and neovascularization of angiographic finding were significantly different between rebleeding and non-rebleeding group (OR, 2.91; 95% CI, 1.09 to 7.74; p\<0.031 and OR, 3.07; 95% CI, 1.06 to 8.91; p\<0.036, respectively). The findings of nonbronchial systemic artery in angiographic examination were not risk factors for rebleeding. Findings of extravasations as direct sign in angiography (the pathognomonic sign of hemorrhage)[@B3] were not associated with rebleeding after BAE (OR, 4.21; 95% CI, 0.95 to 18.68).

There were no significant factors which can influence on difference between early-onset group and late-onset group among active TB, destroyed lung, fibrotic change, aspergilloma, diabetes mellitus, shunt, age, sex, amount of bleeding, and embolization material.

Diabetes mellitus (DM) was the factor significantly associated with a risk of rebleeding (OR, 3.81; 95% CI, 1.11 to 13.12). Of 16 patients with DM, 10 patients (62.5%) showed recurrent bleeding: 6 patients (60%) within 1 month and 4 (40%) after 1 month. Among these 10 patients, 4 patients (40%) had active TB, 2 (20%) destroyed lung, 2 (20%) fibrotic change, 1 (10%) bronchiectasis, and 1 (10%) aspergilloma.

Aspergilloma were significantly associated with rebleeding after BAE (p=0.003). Aspergillom, DM and existence of shunt in angiographic finding were the risk factors of recurrence after BAE in multivariate logistic regression analysis ([Table 4](#T4){ref-type="table"}).

Cumulative hemoptysis non-recurrence rate after BAE were 84.7% for 1 month, 76.2% for 2 months, 71.4% for 6 months, 59.4% for 12 months, 55.7% for 24 months, and 50.6% for 36 months. Recurrence-free time was significantly correlated with shunt in angiographic finding (p=0.016) ([Figure 1](#F1){ref-type="fig"}), DM (p=0.035) ([Figure 2](#F2){ref-type="fig"}), and aspergilloma (p\<0.01). TB activity was not associated with recurrence-free time (p=0.315) ([Figure 3](#F3){ref-type="fig"}). Independent factors of recurrence-free time after BAE in multivariate analysis using Cox\'s regressional hazards model were aspergilloma and DM ([Table 5](#T5){ref-type="table"}).

The subsequent procedures for control of recurrent bleeding are as follows: medical treatment in 15 patients, repeated BAE in 13, operation in one. Complications arising after BAE included: chest pain (n=10), fever (n=4), headache (n=4), cough (n=2), hiccup (n=2), back pain (n=1), urticaria (n=1), and nausea (n=1). Three patients who underwent surgery to manage the rebleeding after BAE include: one with TB, one with fibrotic change, and one with destroyed lung.

Three patients who necessitated mechanical ventilation, showed late recurrences: TB (n=2), one of them resulting in death two months after initial BAE; bronchiectasis (n=1).

Seven patients, who expired during follow-up post procedure, include 4 patients in rebleeding group and 3 patients in non-bleeding group. Four patients who expired in rebleeding group are as follows: one patient with TB expired from pneumonia with septic shock in 48 months, two patients with TB from massive hemoptysis within 2 months of BAE; one patient with aspergilloma (n=1) from massive hemoptysis in 6 months. Three patients who expired in non-rebleeding group are as follows: destroyed lung (n=2), one from respiratory failure in 12 months, one from pneumonia with acute respiratory distress syndrome in 30 months; fibrosis (n=1), one from respiratory failure without recurrence ([Figure 4](#F4){ref-type="fig"}).

Discussion
==========

Hemoptysis is one of the most common symptoms in patient with respiratory disease and may be a life-threatening condition. Massive hemoptysis occurs in approximately 1.5% of patients presenting with hemoptysis. The prognosis is poor, and the mortality by bleeding or asphyxia reaches 50-60%[@B15],[@B16].

BAE is now recognized as the first-line treatment for control of hemoptysis[@B17],[@B18]. In our study, immediate success rate was 93.1% (67 of 72 patients), which was similar to 94% in a report by Swanson et al.[@B19] compared with earlier report ranged from 75% to 90%[@B16],[@B20]. In the past, the control of hemoptysis has been obtained using surgical methods including pneumonectomy or lobectomy[@B21]. The main advantage is that surgery can remove the source of bleeding. Massive hemoptysis made it difficult to localize the bleeding point, in which case emergency surgery is associated with a high mortality rate 17-35%[@B16]. Indications for BAE include failure of conservative management, massive hemoptysis, recurrent hemoptysis, and elevated surgical risk. Recent surveys suggest a shift from surgery to BAE as a first-line procedure in severe hemoptysis[@B17],[@B18].

Recurrent bleeding despite apparently adequate embolotherapy remains a considerable problem with rebleeding occurring in 9% to 42% of patients[@B2],[@B7],[@B19]-[@B22], which is similar to recurrence rate of 40.3% (29 of 72) in this report.

We intended to assess risk factors that affected the rebleeding in patient with TB or post-TB sequelae in country where TB prevalence is intermediate, because active TB and bronchiectasis were known as the most common etiologies of hemoptysis[@B21],[@B22]. Lee et al.[@B23] showed a significant association between active TB and recurrence after BAE. Active, persistent mucosal inflammation, which is a factor identified by Mossi et al.[@B24] that might lead to recurrence of bleeding, would also be present in airways with active tuberculosis infection. On the other hand, van den Heuvel et al.[@B8] reported that the presence of active TB amenable to treatment is protective. Chun and Belli[@B25] showed the favourable outcomes for patients with active TB. Kato et al.[@B26] reported similar findings with no recurrent cases in their active TB group. Our study showed no association between active TB and recurrence after BAE. In terms of medical treatment, patient with active TB was managed adequately in our study.

Besides being a feature of active TB, haemoptysis can also be a manifestation of complications such as cavitation, fibrosis, bronchiectasis, and mycetoma. In our study, bronchiectasis or destroyed lungs associated with TB were not associated with the risk of rebleeding. But shunt in angiographic finding was significantly associated with rebleeding. So, it could mean that shunt reflect significant decreased circulation to the destroyed site with inflammation and vascular exposure rather than bronchiectasis or destroyed lung per se[@B27],[@B28]. In our study, event time doesn\'t coincide with second peak for rebleeding which reflects the recruitment of blood supply and neovascularization in 1 to 2 years after BAE which Hayakawa et al.[@B2] described as the second peak. Although the initial amount of hemoptysis on admission or extravasation as direct sign in angiographic finding were expected to be risk factors for rebleeding, there was no significant association between the volume of hemoptysis and recurrence as in other reports[@B7],[@B23].

Shunt (36 of 72) or neovascularization (36 of 72) were not associated with death. Shunt was found in 4 of 7 patients who died, and neovasculization in 5 of 7 patients. In patients with shunt or neovascularization in angiographic finding, rebleeding can be managed well by 2nd BAE rather than definitive surgical management. Active TB was not associated with the risk for rebleeding, which means that active TB with hemoptysis can be treated with BAE[@B8] accompanied by anti-tuberculous medication.

The most unfavourable results were shown in patients with aspergilloma, all six of whom suffered rebleeding (p\<0.05). High recurrence rates for patients with aspergilloma have been shown in previous report[@B7],[@B22]. It was shown that patients with aspergilloma often have extensive parasite circulation from different sources, and is likely to be associated with vasculitis in cases of thick vascular cavitary walls[@B15],[@B27]. In our study, DM was shown to be significantly associated with recurrence after BAE, unlike previous reports to our knowledge. Some study showed increasing cavitation together with increased smear positivity in the diabetic group[@B29],[@B30]. It is known that DM causes a decrement in lymphocyte activity and a diminution in the number of monocytes and macrophages[@B31]. One recent study has reported low plasma concentrations of rifampicin in diabetic patients with TB[@B32]. Even though there are conflicting reports regarding the influence of associated DM on the treatment outcome of TB patient, one study showed that type 2 DM was an independent and significant risk factor associated with an unfavorable outcome[@B29]. This suggests that clinicians must pay attention to possible recurrent hemoptysis in TB patient with associated DM.

It was known BAE was associated with a 5% rate of complications[@B19]. In our report, complications arising after BAE resolved spontaneously or with oral analgesics. Other major complications, such as spinal cord ischemia or mediastinal structure necrosis were not encountered. There was no significant correlation between rebleeding and the use of any particular agents.

In our study, of the 29 patients with rebleeding, 14 patients (48.3%) underwent a second BAE, 12 (41.4%) received supportive medical treatment and three (10.3%) with fibrotic change received surgery. So, most patient with rebleeding (26 of 29, 89.7%) were managed by second BAE or medical treatment with preserving surgery.

The overall mortality rate was 9.7% (7 of 72): 13.8% (4/29) in rebleeding group and 7% (3 of 43) in non-rebleeding group, compared with overall mortality of 13% reported in other study[@B33].

The limitations of our study are related to its retrospective nature and to the fact that it was conducted in one referral center. Nevertheless, our study may provide very useful information for risk assessment and the proper management of rebleeding after BAE in patient with pulmonary disease associated with TB.

In conclusion, BAE was very useful in obtaining immediate bleeding control which was slightly better than that in other report. It is important to observe rebleeding within 1 year of BAE especially in patients with aspergilloma and/or DM which are important risk factors to predict rebleeding after BAE. Even rebleeding after BAE can be managed well by second BAE. Those patients should be evaluated who are definitive surgical candidate after undertaking successful BAE in further study.
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Values are presented as number (%).

TB: tuberculosis.
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Analysis of bleeding recurrence after immediate hemostasis
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BAE: bronchial artery embolization.
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Analysis of risk factors affecting rebleeding after immediate bleeding control with bronchial artery embolization
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CI: confidence interval; TB: tuberculosis; MDR: multi-drug resistant.
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Risk factors of recurrence after BAE in multivariate logistic regression analysis
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^\*^Statistically significant with p\<0.05.

BAE: bronchial artery embolization; CI: confidence interval; DM: diabetes mellitus.
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Independent factors of recurrence-free time after BAE in multivariate analysis using Cox\'s regressional hazards model
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^\*^Statistically significant with p\<0.05.

BAE: bronchial artery embolization; CI: confidence interval; DM: diabetes mellitus.
